Objective-Despite the recognized risk of accelerated atherosclerosis in patients with rheumatoid arthritis (RA), little is known about cardiovascular risk management in contemporary cohorts of these patients. We tested the hypotheses that major modifiable cardiovascular risk factors were more frequent and rates of treatment, detection, and control were lower in patients with RA than in non-RA controls.
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Patients with rheumatoid arthritis (RA) have higher mortality (1) than the general population and the leading cause of death is cardiovascular disease (2) (3) (4) (5) (6) (7) . Atherosclerosis is a lowgrade inflammatory disease with macrophages, T cells, and pro-inflammatory cytokines playing a key role in its pathogenesis (8) . RA is a high-grade inflammatory disease with an overlapping cellular and cytokine profile; thus, it has been hypothesized that rheumatoid inflammation is a major cause of the accelerated atherosclerosis observed in this patient population.
Nonetheless, there is increasing evidence that traditional nonmodifiable and modifiable cardiovascular risk factors also play an important role in the higher risk of coronary atherosclerosis and coronary heart disease (CHD) events (fatal myocardial infarction, CHD deaths) in patients with RA (9) (10) (11) . Recently, a population-based cohort study evaluating patients with RA showed that the absolute risk of a cardiovascular event rose dramatically if traditional cardiovascular risk factors such as hypertension, dyslipidemia, smoking, diabetes and obesity were present (10) . For example, patients who were 60 to 69 years old and did not have risk factors had a 10-year cardiovascular event risk of 17%. The risk increased to 60% in patients with multiple modifiable cardiovascular risk factors (10) . However, some patients in this study presented their symptoms more than 50 years ago; thus, rates from contemporary cohorts are of interest.
The recognized increase in atherosclerosis in patients with RA has led to attempts to estimate prevalence of conventional CV risk factors in this patient population (12, 13) and to recommend strategies to prevent cardiovascular risk (14) . However, the adequacy of cardiovascular risk management in RA patients and how this compares to the general population remains to be clarified.
Thus, we set out to test the hypotheses that major modifiable cardiovascular risk factor rates of detection, treatment, and adequate control were lower in patients with RA than in a contemporary, geographically comparable, community-based control cohort. Both groups were evaluated using the same rigorous protocols.
METHODS
We cross sectionally studied 197 patients with RA enrolled in the Evaluation of Subclinical Cardiovascular Disease and Predictors of Events in Rheumatoid Arthritis (ESCAPE RA) study (11) and 274 non-RA control subjects enrolled at the Baltimore site of the Multi-Ethnic Study of Atherosclerosis (MESA) study (15) . ESCAPE RA is a cohort assembled to evaluate the prevalence, progression, and risk factors for subclinical atherosclerosis in patients with RA. Inclusion criteria for this study were as follows: (1) fulfillment of the American College of Rheumatology classification criteria for RA (16), (2) age 45 to 84 years. Exclusion criteria were as follows: (1) self-reported or physician-diagnosed history of myocardial infarction, heart failure, coronary artery revascularization, peripheral vascular disease, implanted pacemaker or defibrillator devices, and current atrial fibrillation; (2) weight exceeding 300 pounds; and (3) computerized tomographic scan of the chest within 6 months before study enrollment.
The MESA study is a population-based cohort study of subclinical cardiovascular disease. Using 16 substrata defined by gender (male/female), age (9 year increments), and ethnicity (black/white), control subjects were frequency matched to the RA group on age, sex, and ethnicity.
Both cohorts excluded individuals with prior clinically evident cardiovascular (CV) disease. This study, therefore, focused on adequacy of risk factor management for primary prevention of CV disease.
Both groups were evaluated following MESA protocols (15) using the same definitions, questionnaires, imaging equipment and technicians, laboratory methods, and quality control procedures.
Demographic and socioeconomic variables, clinical characteristics, and cardiovascular risk factors were collected, and Framingham risk scores (FRS) calculated (17) . In RA patients, measures of disease activity (number of tender and swollen joints, high-sensitivity Creactive protein, and the calculation of the 28-joint based disease activity score (DAS28)) (18) and functional capacity (with the health assessment questionnaire (HAQ)) (19) were computed. Fasting blood was collected to measure glucose and lipids (20) . All participants gave written informed consent and the study was approved by the Institutional Review Board of The Johns Hopkins University School of Medicine.
Study Outcomes
The study evaluated the prevalence of hypertension, elevated low-density lipoprotein (LDL) cholesterol, diabetes, smoking, and elevated body mass index (BMI).
Hypertension-Resting blood pressure was measured 3 times in the sitting position and the mean of the 2 last measurements was used in the analysis (15) . Hypertension was defined by systolic BP ≥140 mm Hg, diastolic BP ≥90, self-reported previous diagnosis, or antihypertensive medication use.
Controlled Blood Pressure-Concordant with current guidelines from the American Heart Association (21), participants with low 10-year FRS (<10%) who met a target blood pressure of <140/90 mm of Hg were classified as well controlled. In participants with coronary heart disease equivalent (diabetes mellitus) or with a 10-year FRS ≥10%, a target blood pressure of 130/80 mm Hg was required to be classified as well controlled.
Elevated LDL Cholesterol-Total and high-density lipoprotein cholesterol for both groups were measured at the MESA core laboratory, the Laboratory for Clinical Biochemistry Research (University of Vermont). LDL was calculated using the Friedewald equation (22) . Patients and control subjects were classified as having elevated LDL cholesterol if they self-reported a previous diagnosis of hypercholesterolemia, and/or use of lipid lowering drugs, and/or had a high LDL cholesterol according to their 10-year FRS: (1) ≥100 mg/dL for individuals with 10-year FRS >20% or a CHD equivalent disease; (2) ≥130 mg/dL for those with 2+ risk factors and 10-year FRS of 10 to 20%; and (3) ≥160 mg/dL for those with 0 to 1 risk factor and 10-year FRS <10%) (23) .
Controlled Lipid Levels-Good control was defined using the following target LDL cholesterol values based on current guidelines: <100 mg/dL for individuals at high risk (presence of a CHD equivalent diagnosis or 10-year risk >20%, <130 mg/dL for those with moderate cardiovascular risk (+2 risk factors and 10 year-FRS <20%), and <160 mg/dL for those in the lowest CV risk category (0-1 risk factor) (23).
Diabetes-Diabetes mellitus was defined as the presence of any of the following: (1) fasting glucose ≥126 mg/dL, (2) self-reported previous diagnosis of diabetes mellitus, (3) current use of insulin, and/or (4) current use of oral hypoglycemic agents. Controlled diabetes was defined as normal fasting glucose (<110 mg/dL) (24) .
Moderate to High Framingham Risk-
The composite prediction Framingham model includes age, LDL, total and high-density lipoprotein cholesterol, blood pressure, antihypertensive medications, and smoking. Based on these variables, the 10-year CHD risk was calculated (25) . Moderate-high cardiovascular risk was defined as an estimated 10-year CHD risk higher than 10% or self-reported previous diagnosis of diabetes (a coronary artery disease equivalent). These individuals are eligible for aspirin use (24) .
Smoking-Smoking was defined as self-reported current smoking with a cumulative history of more than 100 cigarettes.
Elevated BMI-Height and weight were measured. The BMI was calculated by dividing weight (in kilograms) by the square of height (in meters). Elevated BMI was defined as BMI equal or higher than 30 kg/m 2 .
Statistical Analysis
We explored the association between RA and the presence of 2 main sets of outcomes: (1) the prevalence of modifiable traditional cardiovascular risk factors, and (2) the achievement of cardiovascular risk management goals.
We calculated the prevalence of each individual modifiable cardiovascular risk factor and compared its prevalence in RA patients and control subjects using Fisher's exact test. Then, ordinary logistic regression modeling was used to calculate odds ratios and corresponding P values and 95% confidence intervals (CI) and adjustment was performed for demographic and socioeconomic variables.
We evaluated cardiovascular risk management, focusing on the percentage of patients in whom previously underdiagnosed risk factors were newly found, use of pharmacologic interventions, and percentage with good control in those with either previously diagnosed or newly diagnosed elevated risk factors.
Univariate analyses were performed comparing the percentages of RA patients and non-RA controls using Fisher's exact test. Logistic regression modeling was used to calculate odds ratios and adjust for prespecified potential confounders including age, ethnicity, and sex as demographics, and education and Medicare enrollment as socioeconomic variables. All statistical tests were calculated assuming a 5% 2-sided significant level using STATA/IC 11.0 (StataCorp, College Station, TX).
RESULTS

Demographics
Frequency matching was successful with RA and control groups having similar age distributions (mean ages, 59.4 ±8.7 and 58.1 ± 8.2, respectively, = 0.25), proportion of females (60% and 58%, P = 0.64), and white participants (86% and 85%). Seventy-six percent of patients with RA had a level of education of at least completing the 12th grade as compared with 81% in control subjects (P = 0.21). The proportion of Medicare enrollees was 28% in the RA and 25% in the control groups ( Table 1) .
Prevalence of Cardiovascular Risk Factors in RA and Matched Control Subjects
A total of 158 (80%) RA patients and 221 (81%) controls (P = 0.91) had at least 1 of the 5 traditional modifiable cardiovascular risk factors evaluated. Table 1 shows the frequency of individual modifiable cardiovascular risk factors. Of note, 113 (57%) patients with RA and 115 control subjects (42%) had hypertension (P = 0.001). Both systolic and diastolic blood pressure contributed to this difference, with both mean measures being higher in patients with RA than controls.
A higher proportion of control individuals had elevated LDL cholesterol (51%) than patients with RA (45%), but this difference was not statistically significant. The proportions of patients with BMI ≥30, current smoking, and a moderate-to-high 10-year cardiovascular risk were similar in the RA and control groups. Figure 1 shows the results of multivariate models for the association between RA and individual modifiable traditional cardiovascular risk factors after adjustment for age, gender, ethnicity, level of education, and Medicare enrollment. The association between RA and hypertension was independent of these potential confounders [OR = 1.77 (95% CI: 1.19, 2.59)]. No other CV risk factors were independently associated with RA. Figure 2 shows the rates of newly identified cardiovascular risk factors-ie, those diagnosed for the first time as a result of participation in this study. Twenty-four of 113 (21%) hypertensive RA patients and 18 of 115 (16%) hypertensive non-RA control subjects were found to have previously undiagnosed hypertension. Twenty-four (27%) RA patients and 40 (29%) non-RA control subjects were found to have previously undiagnosed hypercholesterolemia. One of 14 patients with RA (7%) and 8 of 26 non-RA control subjects (31%) with diabetes mellitus were previously undiagnosed.
Previously Underdiagnosed Cardiovascular Risk Factors
Clinical Characteristics Associated with Cardiovascular Risk Factors in Patients with RA
In the RA group, factors significantly associated with hypertension were older age (OR = 1.07, 95% CI: 1.03, 1.11) and higher HAQ scores (OR: 1.62, 95% CI: 1.0, 2.63). Other demographic characteristics (sex, ethnicity, education), disease characteristics (disease duration, DAS28, radiographic damage, or CRP concentrations), or RA therapeutic interventions (current use of methotrexate, corticosteroids, biologic agents, or any nonaspirin nonsteroidal anti-inflammatory drugs (NSAIDs)) were not associated with hypertension.
Elevated BMI was associated with CRP (logarithmic transformed) (OR = 1.30, 95% CI: 
Treatment of Cardiovascular Risk Factors and Use of Aspirin
Seventy-nine (70%) patients with either new or previously diagnosed hypertension in the RA group and 84 (73%) in the control group were receiving at least 1 anti-hypertensive medication, (P = 0.66, OR = 0.93 (95% CI: 0.52, 1.69)) after adjusting for age, sex, ethnicity, education, and Medicare enrollment ( Table 2) .
Rates of use of cholesterol-lowering medications among those with new or previous diagnosis of elevated LDL cholesterol were also similar in patients and controls (40% versus 36%, P = 0.58).
Although the number of participants with diabetes mellitus was small, there was a trend toward higher rates of treatment among patients with RA (90%) than control subjects (54%) (P = 0.06).
Among individuals with moderate to high cardiovascular risk, the use of aspirin was similar in RA patients and controls (25% versus 22%, P = 0.71).
Achievement of Target Goals
Forty-five of 113 hypertensive RA patients (40%) and 55 (48%) hypertensive non-RA subjects had blood pressures in the targeted range (P = 0.23) (Fig 3) . A sensitivity analysis restricted to patients with previously diagnosed hypertension showed achievement of target blood pressures in only 51% RA and 57% non-RA control subjects, respectively (P = 0.46). An exploratory unadjusted analysis suggested that younger age (OR = 0.94, 95% CI: 0.90, 0.99 per year of life), higher education (OR 4.12, 95% CI: 1.53, 11.09, for those patients with at least 12th grade versus those with less than 12th grade of education), and current use of any antihypertensive agent (OR = 4.55, 95% CI: 1.70, 12.19) were factors significantly associated with achieving adequate control of hypertension in patients with RA. (Appendix 2).
Among participants with hyperlipidemia, there were 50 (57%) in the RA group and 70 (50%) in the control group who achieved target goals (P = 0.41). Among patients with previously diagnosed hyperlipidemia, target LDL cholesterol goals were achieved in 78% RA and 70% non-RA subjects, respectively (P = 0.36). As expected, patients who were receiving lipid lowering drugs were more likely to have their LDL under appropriate control (OR = 9.90, 95% CI: 3.30, 29.67) (Appendix 2).
Among participants with diabetes, normal fasting glucose was present in 57% RA patients compared with only 8% of non-RA controls (P = 0.001). Although the number of previously underdiagnosed diabetics was higher in non-RA controls, when the analysis was restricted to individuals with previously diagnosed diabetes mellitus, the rate of achievement of normal glucose increased modestly to 62% in RA and 11% in non-RA subjects, but remained significantly different between groups (P = 0.006).
DISCUSSION
The novel findings of this study are that (1) the rates of undiagnosed hypertension, elevated LDL, and type II diabetes are high in patients with RA and (2) treatment target goals, as defined by current therapeutic guidelines, are achieved in only 40% of RA patients with hypertension, 57% of patients with elevated LDL, and 57% of patients with diabetes. This is important because, although inflammation may account for a portion of the higher atherosclerosis burden seen in patients with RA, many traditional cardiovascular risk factors also play a major role in atherosclerosis (26, 27) and, importantly, are amenable to intervention.
Hypertension, a major risk factor for cardiovascular disease, affects more than 58 million people in the US and its rate is increasing (28) . In RA, hypertension doubled the risk of a composite cardiovascular outcome that included myocardial infarction, heart failure, and cardiovascular death (26) , and estimations projected that untreated hypertension accounted for an attributable yearly increment of 1572 cases of ischemic heart disease in the US (29) . Using a careful protocolized measurement of blood pressure, we found that hypertension was highly prevalent in patients with RA. Concordant with Panoulas and others (30), rates of hypertension were higher than in matched non-RA subjects.
Many mechanisms may contribute to the high prevalence of hypertension in patients with RA (31) . First, systemic inflammation reduces the production of nitric oxide, resulting in vasoconstriction. Second, higher oxidative stress and activation of the angiotensinconverting enzyme may be shared pathways between the inflammatory process in RA and hypertension (32) (33) (34) . In addition, medications commonly used in RA, such as corticosteroids and NSAIDs, are associated with hypertension (31) . Our study did not address the first 2 hypotheses and did not find any association of prednisone nor NSAIDs with elevated blood pressure. This lack of association might be explained by the low doses of both prednisone and aspirin used by study participants.
The high prevalence of hypertension is of interest, but even more striking are our data about management. Current guidelines provide evidence-based indications for when to initiate therapeutic interventions and set target blood pressure goals. However, we found that only 40% of RA patients meeting criteria for hypertension were at target blood pressure goals. Although this rate is similar to that in the non-RA group (48%), it is nonetheless strikingly low.
Traditional modifiable risk factors other than hypertension contribute significantly to the risk for CHD events. Recent data from 51 countries showed that the odds of a myocardial infarction increases between 2.24 to 2.95 times if modifiable CV risk factors such as elevated BMI, diabetes mellitus, hypertension, or current smoking were present (35) . Our data in patients with RA indicate that high LDL cholesterol is present in almost 1 of every 2 patients with RA. Furthermore, only 57% of RA patients with a diagnosis of elevated LDL exhibited guideline target LDL levels. These data are consistent with a study that evaluated the care and calculated quality scores for management of arthritis, comorbid conditions, and health care maintenance in patients with RA.
The prevalence of diabetes was similar in both groups, but the proportion of newly diagnosed patients was 7% in the RA group and the 31% in the control group. Although the numbers are small, this phenomenon might be explained by differences in health care utilization. It is possible that patients with RA visit their doctors more frequently. Furthermore, it is likely that routine laboratory monitoring for drug-related toxicities increases the chances of detecting hyperglycemia in patients with RA.
Evaluating the care provided for diabetes mellitus, congestive heart failure, myocardial infarction, coronary artery disease, and gastrointestinal bleeds, MacLean and colleagues estimated that the quality score (defined as the number of recommended processes performed divided by the numbers recommended in an eligibility period) for comorbid conditions was only 52% in patients with RA (36) . The identification and treatment of traditional cardiovascular risk factors have a major impact on public health.
Interventions such as initiating aspirin in high-risk individuals, lowering blood pressure and LDL cholesterol, weight reduction, and smoking cessation are effective (37) . Estimations from the general population suggest that the risk of myocardial infarction and stroke could be reduced by 63% and 31%, respectively, if they are implemented.
In the absence of specific guidelines for patients with RA, one would expect that current guidelines for the prevention, identification, and treatment of major modifiable traditional cardiovascular risk factors already developed in the general population would be followed.
There are many reasons this may not happen. For example, patients with a chronic condition are likely to receive suboptimal care for additional unrelated disorders (38) . Thus, in patients with RA, the attention may be focused primarily on the arthritis (36) , especially if time needed by doctors to treat multiple medical conditions is coupled with decreasing reimbursement rates.
The risk of drug-to-drug interactions, side effects, and poor compliance are other potential barriers to therapeutic interventions in patients with multiple chronic conditions (39) . All may contribute to the low rates of intervention and proper control of modifiable traditional cardiovascular risk factors in patients with RA. Furthermore, compliance and adherence decrease with more complex regimens (40) and current guidelines can be overly complicated (41) . Adding supplementary medications, such as aspirin, to an older patient taking other nonsteroidal anti-inflammatory drugs and prednisone, can have deleterious effects. Finally, cost, high out-of-pocket copayments and lack of insurance, can be major limiting factors.
This study has several strengths. First, both groups are contemporary. Second, all clinical evaluations and the ascertainment of cardiovascular risk factors in both the RA and the control groups were done following exactly the same rigorous protocol. Third, the data on rates of underdiagnosis and proper management according to contemporaneous guidelines are novel.
Our study has also some limitations. The data about other potential interventions, including weight control and smoking cessation, were not available. For controlled diabetes the standard of care includes not only fasting glucose but also glycated hemoglobin, a measure that was not assessed in our study. The definition of prevalent cases of diabetes and hypertension included history of prior use of insulin, oral antidiabetic agents, and antihypertensives. While insulin and oral antidiabetic agents are very specific to diabetes; antihypertensives can have other indications. For example, ACE inhibitors are indicated in patients with congestive heart failure and beta-blockers in patients with prior myocardial infarction. However, given that patients with prior myocardial infarction or congestive heart failure were excluded from the study, we think that misclassification due to this definition is not significant.
Despite the recognized high risk of atherosclerosis in patients with RA, the rates of underdiagnosed hypertension, elevated LDL, and type II diabetes remain high. Furthermore, many RA patients with hypertension, elevated LDL, and diabetes do not achieve target goals as defined by current therapeutic guidelines. Further research is needed to better identify barriers to achieve cardiovascular risk control. Cardiovascular risk factor awareness: proportion of patients who were newly identified with hypertension, dyslipidemia, and diabetes. Control of cardiovascular risk factors: proportion of patients in whom therapeutic goals were met for treatment of hypertension, dyslipidemia, and diabetes. 
